Abstract. Data on non-typhoidal Salmonella (NTS) infection in South Asia are limited. We used data gathered prospectively from 1996 to 2011 as part of a hospital surveillance system in Dhaka, Bangladesh, to identify diarrheal patients with NTS isolated from stool. NTS was isolated in 1.3% (468 of 37,439) of diarrheal patients; 47% of total cases of NTS were in children 5 years of age, although older adults ( 60 years) had the highest isolation rates. NTS isolation peaked in the monsoon months of July and August. Over the study period, rates of multidrug resistance decreased, whereas rates of decreased susceptibility to ciprofloxacin increased. Compared with control patients, NTS patients were older and wealthier; however, no differences in type of housing or exposure to animals were found. NTS patients had increased inflammatory cells in stool and required more fluid resuscitation.
INTRODUCTION
Non-typhoidal Salmonella (NTS) are a group of Gramnegative bacteria known to cause disease in both animals and humans worldwide. In humans, NTS are responsible for an estimated 94 million cases of gastroenteritis each year globally, causing upward of 150,000 deaths. 1 Although significant attention is put on food-borne outbreaks in high-income countries, the majority of the burden of diarrhea caused by NTS may rest in low-and middle-income countries. NTS is also associated with systemically invasive disease and bacteremia, especially in immunocompromised patients. In sub-Saharan Africa, NTS is a common cause of bacteremia in both adults and children, especially in areas of high human immunodeficiency virus (HIV) and malaria prevalence. 2 Data on the epidemiology of NTS infections in South Asia are limited. An estimate of the burden of NTS disease in South Asia extrapolated from a single study of returning travelers to Sweden suggested an incidence of 470 per 100,000 personyears, 3 but that number is likely not representative of the incidence within the local population. Most reports from South Asia have been limited to surveillance of antimicrobial resistance patterns 4, 5 and circulating serotypes. 6 Studies on the burden of illness and risk factors for disease are limited.
In this study, we used prospectively collected data from the surveillance system of a diarrheal hospital in Dhaka, Bangladesh, to identify the demographic, seasonal, and antibiotic resistance patterns of diarrheal patients with NTS isolated in stool as well as identify risk factors and clinical presentation features specific to patients with NTS.
METHODS
Setting. The Dhaka Hospital of the International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b) is a diarrheal treatment center located in Dhaka, the capital city of Bangladesh. It provides care free of charge to approximately 120,000 patients per year who present with diarrhea. Most patients are self-referred, and many come from surrounding urban slums and periurban areas. Bangladesh has an HIV prevalence of 0.1%, 7 and the catchment area of the hospital is not endemic for malaria.
Surveillance. The hospital has a longstanding Diarrheal Disease Surveillance system, 8 in which every 50th patient undergoes detailed questioning, a physical examination, and culture and analysis of stool. The surveillance system has been described previously in detail. 8 Using structured questions, trained personnel interview patients and/or their attendants to collect relevant information on symptoms, demographic and socioeconomic characteristics, housing and environmental conditions, feeding practices, and use of drugs and fluid therapy at home. All patients receive treatment according to the treatment guidelines of the hospital.
Laboratory methods. Freshly collected stool or a rectal swab from each surveillance patient is immediately sent to the laboratory, where it is enriched in Selenite broth and inoculated onto MacConkey, taurocholate tellurite gelatin agar (TTGA) and Salmonella-Shigella agar plates. Testing for rotavirus is done by enzyme-linked immunosorbent assay (ELISA) method. Salmonella species are isolated and identified using standard bacteriological methods, including slide agglutination for serotyping with specific antisera. Antimicrobial susceptibility is determined by disc diffusion method on Mueller-Hinton agar as per Clinical Laboratory and Standard Institute (CLSI) guidelines. Stool samples also undergo microscopic examination for cell count and parasite detection from direct smear.
Case and control selection. We extracted hospital surveillance data from January of 1996 to December of 2011 and reviewed records from patients whose stool culture grew any non-typhoidal Salmonella. To determine risk factors and differences in clinical presentation of NTS patients, we performed two comparisons.
(1) We selected only those NTS cases with no copathogens identified and compared this cohort with a group of control patients that was determined by randomly selecting surveillance patients who had no pathogens identified 9 We used logistic regression to determine independent predictors of NTS infection: sex, age, family income, and demographic and housing variables with corrected P 0.05 from univariate analysis were entered into the model. For these comparisons, we performed statistical analyses using SPSS 17.0 (SPSS Inc., Chicago, IL). Statistical significance was defined as a two-tailed P value 0.05. We generated graphs using GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla, CA). 
RESULTS
NTS were isolated from the stool of a total of 468 patients over the 16-year study period from a total of 37,129 patients surveyed. Based on O-antigen grouping, the majority of isolates belonged to Groups B (32.9%) and C1 (28.4%) followed by Group E (12.6%) and Group C2 (10.9%). Group D, which includes S. enterica serotype Enteritidis, only accounted for 5.3% of all isolates. Nearly one-half (46%) of patients with NTS isolated from stool had another potential copathogen identified, with 26% having one or more bacterial copathogens (Table 1) . Common copathogens included rotavirus (13%), Vibrio cholerae (12%), and helminths (6%).
The percentage of total diarrheal patients with stool positive for NTS decreased over the study period (P 0.01) ( Figure 1A ). Nearly one-half (219, 47%) of all NTS cases were in children 5 years of age ( Figure 2A ). However, children 5 years accounted for 53% of all cases presenting to Dhaka Hospital, and when expressed as a percentage of total patients of the same age group, patients ages 60 years had higher rates of NTS isolated in stool than those patients ages 5 years (P 0.001) ( Figure 2B ). Similar patterns existed even when patients with copathogens found in stool were excluded (data not shown).
We show a seasonal variation for NTS, with the percentage of patients with NTS isolated in stool peaking in the hot and wet monsoon months of July and August and the lowest rates occurring in the hot but relatively dry spring months of March and April ( Figure 1B) .
We examined patterns of antimicrobial resistance to NTS isolated over the study period. We found that rates of resistance to ampicillin, chloramphenicol, and ceftriaxone significantly decreased over time ( Figure 3A , B, and E), and rates of resistance to trimethoprim/sulfamethoxazole (TMP/SMX) remained constant ( Figure 3C ). Rates of multidrug resistance (MDR), defined as isolates resistant to ampicillin, chloramphenicol, and TMP/SMX, decreased over time, with no MDR strain isolated since 2004 ( Figure 3D ). However, rates of reduced susceptibility to ciprofloxacin significantly increased ( Figure 3F ), and since 2006, one ciprofloxacin-resistant strain of NTS has been isolated per year.
To determine risk factors and clinical characteristics specific to NTS-associated diarrhea, we first selected the 254 surveillance patients with NTS who did not have any other potential pathogen identified in the stool (Table 1 ) and compared them with control diarrheal surveillance patients with no pathogens identified matched in a 3:1 (control:NTS) ratio by month of admission. In this analysis, we found that NTS patients were older and more likely to own a television (Table 2) . Comparing all NTS cases with controls selected regardless of pathogen identification (all-diarrhea controls), we found that NTS patients were more likely to have a higher family income ( 5,000 Taka/month), own a luxury cot, and have fewer family members sharing a drinking water source (Table 3) . NTS patients were also older in this analysis, although this finding did not meet significance after Holm-Bonferroni adjustment (P = 0.07). In both comparisons, we did not find any differences in presence of animals in the home or type of home construction. In multivariate analysis, age, number of family members using the same drinking water source (only in alldiarrhea analysis), and luxury item ownership were independent predictors of NTS infection.
We detected a number of differences in clinical presentation between NTS patients and controls, including significantly higher rates of abdominal pain (P = 0.02, compared with no-pathogen controls) and amount of intravenous rehydration required during admission (P = 0.002, compared with alldiarrhea controls) in NTS patients (Tables 4 and 5 ). We found no differences in measures of malnutrition, pre-admission oral rehydration solution (ORS) use, antibiotic use, degree of dehydration, use of intravenous rehydration, or duration of hospital stay. Although there were no differences in patient history regarding the self-reported character of the diarrhea (watery or bloody), microscopic examination of stool revealed that cases of NTS had stools with significantly more mucus, red blood cells, pus cells, and macrophages compared with stools in both control groups.
DISCUSSION
NTS infections are associated with significant morbidity and mortality worldwide; despite this fact, data on NTS in South Asia are limited. To our knowledge, this study is the first characterizing, in a longitudinal manner, the demographics, clinical characteristics, and risk factors for NTS gastroenteritis in South Asia. We found that, as a percentage of diarrheal patients, NTS positivity in stools has decreased by approximately 7% per year over the 16-year study period. The reason for this observation is unclear, although it may be because of a combination of factors that could include changing socioeconomic conditions, better food handling practices, and increasing empiric antibiotic use in the community. The percentage of stools positive for NTS peaked in the summer months of July and August, months that are marked by high amounts of rainfall in the form of monsoons, flooding, and higher ambient temperature, and these conditions may be associated with higher rates of contamination of water and food. This seasonal peak during the summer months corresponds to reports from other Asian countries. [10] [11] [12] Similarly, studies in Malawi 13 and Kenya 14, 15 describe peaks of NTS disease associated with the rainy season, which may reflect, in part, the seasonal pattern of malaria in those areas, unlikely to be a factor at our site, as well as flooding. Although our data suggest that rainfall-associated contamination of water may be associated with disease transmission, it is likely that both environmental and host behavioral factors play a role in the seasonal variation of NTS, as they do for other enteric infections in Bangladesh. 16, 17 Although S. Typhimurium and S. Enteritidis are the predominant serotypes known to cause gastroenteritis and bacteremia in sub-Saharan Africa, [18] [19] [20] limited data from studies in South and Southeast Asia show differences in serotype frequency, especially among stool isolates. 6, 12 In this analysis, we show that approximately 60% of NTS serogroups identified from stool were from Groups B and C1, whereas Group D, to which S. Enteritidis belongs, only represented 5% of isolates. This finding is consistent with a report from a hospital in Pakistan, where Groups B and C represented the majority of NTS isolated. 5 It remains to be determined whether such differences in serogroup can explain differences in epidemiology and disease burden between Africa and Asia.
A recent study from Africa suggests that bacteremiaassociated NTS infection has a bimodal age distribution, with one peak in children 2 years and another peak in middleaged adults associated with peak of HIV disease. 21 Studies of NTS gastroenteritis have more heterogeneity in age patterns, but young children and older adults are thought to have higher risk of disease. 22 In this study, we show that approximately one-half of all diarrhea cases associated with NTS were in children ages 5 years, including nearly 30% in children 1 year of age. This finding is likely a reflection of the demographic profile of patients presenting to our institution, with the majority (53%) of patients being 5 years. In fact, when assessed as a percentage of those patients in the same age group presenting to the hospital with diarrhea, older adults have a higher likelihood of having NTS isolated from stool. Studies from developed countries have shown that the elderly with NTS infections have higher hospitalization and mortality rates. 23, 24 As opposed to reports of increasing resistance to traditional first-line agents in both Asia and Africa and increasing rates of multidrug resistance, 13 we found a marked decrease in MDR and decreasing resistance to the traditional first-line agents ampicillin, chloramphenicol, and TMP/SMX but an increasing resistance to ciprofloxacin. This result may be because of a decreasing use of non-fluoroquinolone agents in favor of fluoroquinolones for the treatment of both gastroenteritis and undefined febrile illnesses. However, we also show decreasing resistance to ceftriaxone, which is in contrast with increasing rates of ceftriaxone resistance and emergence of extended spectrum β-lactamase-resistant (ESBL) organisms in Pakistan. 5 Given recent increases in rates of S. Typhi with decreased susceptibility to fluorquinolones, 25, 26 third generation cephalosporins have been recommended as first-line agents for the treatment of enteric fever in India, 27 and their use has increased in other parts of South Asia, including Bangladesh. We anticipate that this practice may lead to higher ceftriaxone resistance rates for Salmonella spp. as well as other organisms.
Although NTS is a known cause of gastroenteritis in resource-rich environments, the data are incomplete regarding how its isolation from stool relates to presence of symptoms in low-income countries with frequent fecal-oral contamination. Case-controlled studies from the United States, 28 Palestine, 29 Denmark, 30 and Brazil 31 suggest an association with acute diarrhea, whereas those studies in Thailand 32 and Bangladesh 33 do not; however, all of these studies have been limited by the small numbers of NTS identified. As shown in our study and others, NTS are often isolated alongside other pathogenic organisms, a finding common for other enteropathogens. In a previous report, nearly 40% of children presenting with diarrhea to our institution with NTS had infections with two or more pathogens, including approximately 60% of those children with V. cholerae O1 or O139. 33 Similarly, 29% of patients presenting to a diarrheal center in Kolkata, India, had multiple pathogens, including 43% of those children with V. cholerae O1. 34 Thus, to determine whether the NTS isolated in stool are incidental isolates or true pathogens, we performed a comparison of patients with NTS as the sole pathogen isolated with a control group of patients who had 47 (18) 54 (7) 0.003 Macrophage present on microscopy (%)
102 (40) 140 (18) 0.003 HAZ = height-for-age Z score; MUAC = mid-upper arm circumference; RBC = red blood cell; WAZ = weight-for-age Z score; WHZ = weight-for-height Z score. *Holm-Bonferroni-corrected. NS = P 0.05.
no pathogen isolated with the assumption that, if NTS were incidental, then there would be no differences between these groups. We also compared all patients with NTS isolated from stool with control patients chosen regardless of number of pathogens isolated. Doing this comparison, we show that NTS isolation is associated with more abdominal pain and an increased need for intravenous rehydration, and there is evidence of increased gut inflammation based on stool examination, including higher amounts of mucus, red blood cells, pus cells, and macrophages. These data suggest pathogenicity of NTS in our study population. We then used the same comparison groups to determine risk factors for presence of NTS in stool among diarrheal patients. We found that NTS patients were generally older than controls, had higher rates of household ownership of luxury items, such as a television and a luxury cot, and a higher family income. We hypothesize that these socioeconomic associations may reflect differences in diet, housing, resources, and/or behavior. Although in our all-diarrhea analysis, NTS patients had significantly fewer numbers of family members using the same water source, there were no differences in type of home construction, distance to water source, or type of water source.
Unlike S. Typhi and S. Paratyphi, NTS are not humanrestricted pathogens, and animals are thought to be important reservoirs associated with human infection. Direct animal contact has been associated with an estimated 11% of NTS cases in the United States 35 ; however, a study from The Gambia showed no overlap in serotypes or genotypes of NTS isolated from humans and animals from the same household. 36 In our analysis, we also did not find any association of NTS infection with presence of animals in the patient's home.
Combined, these data may suggest that, in Dhaka, transmission of NTS may occur largely through ingestion of contaminated food and water rather than through direct contact with animals.
The burden of bacteremia-associated invasive NTS disease in many areas of Asia is likely much less than the burden in sub-Saharan Africa. For instance, only six cases of invasive NTS were detected in a community-based surveillance of febrile episodes in multiple Asian countries that analyzed over 20,000 blood culture results. 37 At our diarrheal hospital, NTS accounts for 1% of all positive blood cultures (unpublished data; not part of systematic surveillance system; blood cultures were drawn at the clinical discretion of the attending physician). We hypothesize that the discrepancy in invasive disease between sub-Saharan Africa and South Asia may be because of several factors, including lower rates in South Asia of severely immunocompromising conditions, such as advanced HIV infection, different burdens of pertinent coinfections including malaria, and perhaps, differences in circulating serotypes of NTS. Unfortunately, rates of NTS bacteremia are increasing in Asia, most notably in HIV-positive populations. 38, 39 Additional studies are needed to investigate the cause of such intercontinental differences.
Our study has several limitations. First, we used data from a hospital-based surveillance system, and thus, our epidemiological findings are limited to those individuals in the population who have symptoms severe enough to prompt them to seek medical care. Second, the conventional assays used to detect enteropathogens in the surveillance system likely only detect a subset of cases. We do not have data on pathogens such as diarrheagenic Escherichia coli, Yersinia, astrovirus, norovirus, or adenovirus; however, it is likely that both cases HAZ = height-for-age Z score; MUAC = mid-upper arm circumference; RBC = red blood cell; WAZ = weight-for-age Z score; WHZ = weight-for-height Z score. *Holm-Bonferroni-corrected. NS = P 0.05.
and control groups in our study may have similar occurrences of such pathogens. Third, housing and animal exposures were self-reported. Fourth, the surveillance system does not subtype NTS, and therefore, we cannot comment on the causative Salmonella beyond the serogroup level. Despite these limitations, our study is the largest longitudinal analysis of NTS in Asia, has identified seasonal and behavioral risk factors, and suggests that NTS are a significant cause of gastroenteritis in Dhaka, Bangladesh.
